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ExoP lanet Explorat ion Program

• EXOSIMS

– Open source. Python. Parametric. Probabilistic. Modular.

– Creates ensembles of DRMs which can be analyzed statistically.

Universe n

Universe n+1

Universe n+2

2 Detections

1 Detection

1 Detection

What is EXOSIMS?
https://github/dsavransky/EXOSIMS
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D. Savransky, et al., JATIS 2(1) 2016
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WFIRST Yield Results by EXOSIMS
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Input Planet Population

Single Simulation Visits ◆

Simulation Ensemble Yield PDFs

Savransky and Garret, 2015
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The power of ensemble statistics
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Mission Failure 

Modes

False Alarm Probability 

varies with separation

Instrument Bias Mission Execution

Savransky and Garret, 2015
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Starshade/Coronagraph DRM
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Starshade Sky Coverage Map

largest continuous interval of  observability

for each target (1-day granularity)

Cumulative fraction-of-time target is observable

Size of point is proportional to target Vmag.

• Two year mission: 2036-2037 inclusive

• dMagLim = 26.5

• Sun keepout:  > 45˚ and < 83.4˚ is OK

• Earth keepout:  >35˚ is OK

• Moon keepout: >15˚ is OK

• Other bodies: > 1˚ is OK
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EXOSIMS Architecture
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D. Savransky, 2016

EXOCAT1

BrownCompleteness EarthTwinHabZone1

EarthTwinHabZone2

KeplerLike1

FortneyMarleyCahoyMix1

KeplerLikeUniverse

WFIRSTObservatoryL2

Nemati

GalaxiesFaintStars

Stark

Synthetic planets

HabZoneExoearthUniverse KasdinBraems

GarrettCompleteness

SAG13Universe

TravelingSalesMan

Tiered Hybrid IPClusterEnsemble
Completeness/Tint
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EXOSIMS Architecture
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D. Savransky, 2016

KnownRVPlanets

KnownRVPlanetsUniverse

WFIRSTObservatoryL2

Nemati

GalaxiesFaintStars

Stark

Characterization of 

Known planets

KnownRVPlanetsTargetList

KasdinBraems
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Inputs
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Inputs cont.
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Pictorial Schedule

• Three observing modes: Char/Det/GA.

• Multiple detection observations can occur in any blue 

Det window.  One Char observation per Char window.

• Char vs. Det schedules link up at the hand-over points 

(black vertical lines), but otherwise are independent

Char1 Char2 Char3

Slew 1-2 Slew 2-3
Char

Det

GA
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HABEX WITH SAG-13 POWER 

LAW DISTRIBUTION
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SAG13 Power Law parameters are 

Yield Simulation Inputs
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SAG13 Model as Occurrence Input
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HabEx Yield Results by EXOSIMS
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Each ensemble >  500 DRMs

G-dwarf model used for all star types

Pessimistic model = broken power law fit to avg – 2sigma

Optimistic model = broken power law fit to avg + 2sigma
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• HabEx

– 4m unobscured, τ=0.3

– Vector Vortex Charge 6 

Coronagraph

• 500 nm

• BW: 0.1 

• dMagLim: 26

• PostProc: 0.1

– Detector

• QE: 0.9

• sread: 1.7e-6

• idark: 3e-5

• CIC: 1.3e-3

• texp: 100

– Geom. Albedo: 0.4

– Mission

• 1 year, 100%

• sunKeepout 45 deg

Preliminary Results

Presented at EXOPAG16
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Comparison of 3 cases

• Hybrid Starshade and Coronagraph

• Coronagraph Only

• Starshade Only
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TESTING
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EXOSIMS and AYO, very different 

approaches,  produce similar yields
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AY

O

EXOSIM

S 

mean

EXOSIM

S 

std

4m, 2l/D 6.6 5.4 1.5

4m, 2.5 l/D 5.6 3.5 0.7

6m, 2 l/D 14.0 16.4 1.4

6m, 2.5 l/D 12.2 9.7 1.0

8m, 2 l/D 23.2 33.7 1.9

8m, 2.5 l/D 20.3 25.3 1.8

Possible sources of variance:

• Overhead accounting

• Star selection

• Exozodi throughput
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BACKUP

19



ExoP lanet Explorat ion Program

Simulated Mission Ensemble

• Simulate a universe by sampling planet population distributions

• Schedule a mission using spacecraft and mission observing constraints
– Dynamically respond to detections

• Repeat with a new universe 1,000 times
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Detect
Schedule

Missionj

Yield

Stats
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Universej
(populate planets)

Monte Carlo DRMs (Design Reference Missions)
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Chris Stark’s AYO Approach
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Star list

Monte Carlo

Planets 

around stars

Planet 

Classes

Instrument
Cumulative 

Completeness

Completeness(Tint)

Optimize Int. 

Time Alloc.

AYO: Altruistic Yield Optimization
Produces Static Time Budget


